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CLAIMS 



[Claim(s)] 

[Claim 1] Positive active material for nonaqueous electrolyte rechargeable batteries characterized 
by mixing the alkali-metal content ferric acid ghost and banazin san ghost which have hexagonal 
stratified rock salt type structure, and said banazin san ghost being supported by a part of front 
face [ at least ] of said alkali-metal content ferric acid ghost. 

[Claim 2] Positive active material for nonaqueous electrolyte rechargeable batteries characterized 
by said alkali-metal content ferric acid ghost being alpha-NaFeO 2. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the positive active material for nonaqueous 

electrolyte rechargeable batteries. 

[0002] 

[Description of the Prior Art] In recent years, the rechargeable battery which has a high energy 
consistency and high power density, especially the lithium secondary battery have received big 
attention as a large-scale power source for the small power source of a portable telephone, a video 
camera, etc. and an electric vehicle, and power equalization. As an ingredient used for this lithium 
secondary battery, lithium transition-metals oxide is proposed by the positive electrode, and a 
graphite, low-temperature baking carbon, oxide, the lithium alloy, and the lithium metal are proposed 
by the negative electrode. 

[0003] It is expensive, and in order to correspond to mass consumption of the lithium secondary 
battery predicted in the future, current and the cobalt acid lithium (LiCo02) currently used as 
positive active material are more cheap, and development of positive active material with abundant 
reserves is important for it. The oxide containing current, manganese and nickel, and iron is 
energetically studied as positive active material for lithium secondary batteries. Iron is the cheapest 
especially, and since it is the small ingredient of an environmental load, the oxide which contains iron 
as a subject is very attractive as positive active material for next-generation lithium secondary 
batteries. 

[0004] It considered as the positive active material for lithium secondary batteries which contains 
iron as a subject, and the lithium content ferric acid ghost of former versatility has been proposed. 
For example, the lithium iron multiple oxide (143 for example, J.EIectrochem.Soc, 2435 (1996)) 
(LiFe02) which has tunnel structure or a stratified zigzag structure, the olivine mold LiFeP04 (J. 
144 Electrochem.Soc, 1609 (1997)). LiFe02 (for example, publication number 10-67519) which has 
hexagonal stratified rock salt type structure are mentioned further. 
[0005] 

[Problem(s) to be Solved by the Invention] Although LiFe02 which has the above-mentioned tunnel 
structure or a stratified zigzag structure has a high charge-and-discharge capacity (150 or more 
mAh/g) which endures LiCo02 in early stages, the discharge capacity of . olivine mold LiFeP04 
which discharge capacity falls to 80% or less of initial capacity by life test of 10 cycle, and has the 
trouble that a charge-and-discharge cycle property is low is 140 or less mAh/g, and is inadequate 
as a cell active material. On the other hand, the technical problem that a charge-and-discharge 
cycle property is very low (10 or less mAh/g) still lower has charge-and-discharge capacity as 
LiFe02 which has hexagonal stratified rock salt type structure is shown by J.EIectrochem.Soc, 144, 
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and LI 77 (1997). 

[0006] therefore, a high discharge capacity of 1 50 or more mAh/g of the former — having — in 
addition — and the lithium iron multiple oxide excellent in the charge-and-discharge cycle property 

is not obtained. 

[0007] On the other hand, it is known that it is effective in the improvement in a utilization factor of 
Mn02 which is alkaline cell positive active material to mix metallic oxides, such as Bi203 and PbO, 
(H. 238 S.Wroblowa and N.Gupta, J.EIectroanal.Chem.. 93 (1987)). Catalyst nature is pointed out as 
an operation of a metallic oxide in recent years (DeYanG Qu, J.Appl.Electrochem., 29,51 1 (1999)). It 
is not clear to mixing with Bi203 and PbO being effective in manganese what kind of metallic oxide 
brings a good operation to other transition metals, for example, iron. 

[0008] The place which makes this invention the purpose paying attention to the addition 
effectiveness of this metallic oxide is to offer the iron content positive active material for 
nonaqueous electrolyte secondary which has a high charge-and-discharge capacity and has a still 
better charge-and-discharge cycle property. 
[0009] 

[Means for Solving the Problem] The alkali-metal content ferric acid ghost and banazin san ghost 
which have hexagonal stratified rock salt type structure are mixed, and positive active material for 
nonaqueous electrolyte rechargeable batteries of this invention is characterized by said banazin san 
ghost being supported by a part of front face [ at least ] of said alkali-metal content ferric acid 
ghost. 

[0010] Furthermore, in the positive active material for nonaqueous electrolyte rechargeable 
batteries of this invention, it is characterized by said alkali-metal content ferric acid ghost being 
alpha-NaFeO 2. 
[0011] 

[Embodiment of the Invention] By making a part of front face [ at least ] of the alkali-metal content 
ferric acid ghost which has hexagonal stratified rock salt type structure support a banazin san ghost 
with this invention, the utilization factor as positive active material for nonaqueous electrolyte 
rechargeable batteries of an alkali-metal content ferric acid ghost is made to increase sharply, and a 
cycle property can be made good. 

[0012] LiFe02 and a-NaFe02 can be used for the alkali-metal content ferric acid ghost of this 
invention, and Li1-xNaxFe02 (0< x<1) which permuted a part of Na by Li, and LiM1-yFey02 (M=Co, 
Mn. nickel) (0< y<1) which permuted iron [ some ] by other transition-metals elements can also be 
used for it. However, it is characterized by all having hexagonal stratified rock salt type structure. 
[0013] It is possible to use V203, V204, and V205 for the banazin san ghost used by this invention. 
[0014] 

[Example] the following — this invention — the example of the positive active material for 
nonaqueous electrolyte rechargeable batteries is explained. However, this invention is not limited to 
the following examples. 

[0015] 0.03-mol weighing capacity of [example 1] ferric oxide (a-Fe 203) and the sodium peroxide 
(Na 202) was carried out. respectively, and after mixing and pelletizing with a mortar, it calcinated at 
550 degrees C under the oxygen ambient atmosphere for 20 hours. a-NaFe02 which has hexagonal 
stratified rock salt type structure was obtained by continuing, grinding a sample and calcinating at 
550 degrees C again for 20 hours. All of the weighing capacity of a sample and mixing with a mortar 
were performed in the glove compartment under an argon ambient atmosphere. 
[0016] The positive active material with which the banazin san ghost was supported by the front 
face of a-NaFe02 was produced by carrying out wet blending of a-NaFeO 2 andV205 obtained 
above in a methanol next, so that a mole ratio may be set to 40:1, and drying at 80 degrees C. The 
acetylene black 20 weight section as an electric conduction agent and the poly hooker vinylidene 
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(PVDF) 5 weight section as a binder were added to the mixture 75 weight section of a-NaFeO 2 
andV205 as positive active material, wet blending was carried out to N-MECHIRU 2 pyrrolidone 
which is a solvent, and it was made the slurry. After making this slurry into both sides of the 
aluminum mesh which is a charge collector with **, pressing was carried out by 1 t/cm2, it dried at 
230 degrees C under the vacuum, and the magnitude 15mmx15mmx0.5mm this invention 
positive-electrode plate (A1) was produced. 

[0017] a-NaFeO 2 andV205 which may be based on the [example 2] example 1 was mixed so that a 
mole ratio might be set to 40:2, and this invention positive-electrode plate (A2) was produced like 
the example 1 except having considered as positive active material. 

[0018] a-NaPeO 2 andV205 which may be based on the [example 3] example 1 was mixed so that a 
mole ratio might be set to 40:4, and this invention positive-electrode plate (A3) was produced like 
the example 1 except having considered as positive active material. 

[0019] a-NaPeO 2 andV205 which may be based on the [example 4] example 1 was mixed so that a 
mole ratio might be set to 40:10, and this invention positive-electrode plate (A4) was produced like 
the example 1 except having considered as positive active material. 

[0020] a-NaPeO 2 andV205 which may be based on the [example 5] example 1 was mixed so that a 
mole ratio might be set to 40:20, and this invention positive-electrode plate (A5) was produced like 
the example 1 except having considered as positive active material. 

[0021] a-NaFeO 2 andV205 which may be based on the [example 6] example 1 was mixed so that a 
mole ratio might be set to 40:40, and this invention positive-electrode plate (A6) was produced like 
the example 1 except having considered as positive active material. 

[0022] a-NaFeO 2 andV205 which may be based on the [example 7] example 1 was mixed so that a 
mole ratio might be set to 40:60, and this invention positive-electrode plate (A7) was produced like 
the example 1 except having considered as positive active material. 

[0023] a-NaFeO 2 andV205 which may be based on the [example 8] example 1 was mixed so that a 
mole ratio might be set to 40:80, and this invention positive-electrode plate (A8) was produced like 
the example 1 except having considered as positive active material. 

[0024] a-NaFeO 2 andV205 which may be based on the [example 9] example 1 was mixed so that a 
mole ratio might be set to 40:100, and this invention positive-electrode plate (A9) was produced like 
the example 1 except having considered as positive active material. 

[0025] a-NaFeO 2 andV205 which may be based on the [example 10] example 1 was mixed so that 
a mole ratio might be set to 40:120, and this invention positive-electrode plate (A10) was produced 
like the example 1 except having considered as positive active material. 

[0026] The comparison positive-electrode plate (B1) was produced like the example 1 except having 
used a-NaFe02 independently as [example 1 of comparison] positive active material. 
[0027] [Charge-and-discharge property] this invention positive-electrode plate (A1) - (A10) and a 
comparison positive-electrode plate (B1) were used as the trial pole base material, respectively, and 
the eel for an experiment was constituted. It is 1 mol/l to a lithium metal and nonaqueous 
electrolyte in a counter electrode and a reference pole. The mixed solution of the volume ratio 1:1 of 
ethylene carbonate and diethyl carbonate in which lithium perchlorate was dissolved was used. 
[0028] The positive-electrode charge-and-discharge property was investigated using the 
above-mentioned eel for an experiment. About this invention positive-electrode plate (A1) - (A10) 
and a comparison positive-^electrode plate (B1), after discharging to 1.5V by current density 2 mA/g, 
it charged to 3.5V by clinch 2 mA/g. When setting discharge capacity with CI and setting charge 
capacity with C2, charge-and-discharge cycle efficiency was computed from the following formulas. 
Charge-and-discharge cycle efficiency (%) =(C2/C1) xlOO, in addition a charge and discharge test 
were started from discharge (lithium insertion). 

[0029] When setting the mole ratio of a-NaFeO 2 andV205 to x and y, the relation between the 
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value of (y/x) of this invention positive-electrode plate (Al) - (A10) and a comparison 
positive-electrode plate (Bl) and the charge capacity in each cycle is shown in Table 1. Moreover, 
the cycle efficiency in each cycle of this invention positive-electrode plate (Al) - (A10) and a 
comparison positive-electrode plate (B1) is shown in Table 2. Furthermore, the 
charge-and-discharge curve in 3 cycle eye of this invention positive-electrode plate (A6) and a 
comparison positive-electrode plate (Bl) is shown in drawing 1 and drawing 2 , respectively. 
[0030] 
[Table 1] 





^m«a (mAh/g) 




(y/x) 








Al 


0. 025 


7 


7 


7 


A2 


0.0 5 


1 5 


I 6 


1 6 


A 3 


0. 1 


2 7 


2 7 


2 7 


A4 


0.2 5 


52 


6 5 


7 1 


A5 


0. 5 


9 2 


9 6 


9 8 


A6 


1. 0 


1 3 4 


13 4 


1 3 5 


A7 


1. 5 


17 5 


1 7 0 


1 6 8 


A8 


2. 0 


2 0 3 


19 1 


1 8 8 


A9 


2. 5 


2 2 5 


2 0 8 


2 04 


A 1 0 


3. 0 


2 3 9 


2 17 


2 13 


B 1 




3 


4 


4 



[0031] 
[Table 2] 









(y/x) 




2if< 




Al 


0. 0 2 5 


8 7 


8 9 


9 5 


A2 


0. 05 


8 6 


94 


97 


A3 


0, 1 


8 5 


94 


98 


A4 


0.2 5 


8 6 


9 8 


99 


A5 


0. 5 


92 


9 6 


98 


A6 


1. 0 


88 


9 6 


97 


A7 


1. 5 


86 


9 7 


98 


A8 


2. 0 


80 


99 


99 


A9 


2. 5 


7 9 


9 8 


9 8 


Al 0 


3. 0 


7 7 


9 8 


9 9 


Bl 




56 


78 


92 



[0032] Drawing 1 and drawing 2 show that the charge-and-discharge curves differ greatly as 
compared with a-NaFe02 (Bl) with the mixture (A6) of a-NaPeO 2 andV205. namely, in a-NaFe02 
(Bl), potential changed gently-sloping — receiving — the mixture (A6) of a-NaPeO 2 andV205 — 
about 2 — the surface smoothness of potential was checked by V. Although the surface 
smoothness of the potential of about 2 V appears similarly in the initial cycle at the time of using 
V205 as an active material, in future cycles, structure makes it amorphous and it is reported that 
potential changes gently-sloping (Koshiba et al.. DENKI KAGAKU, 332 (1994)). Moreover, if it 
assumes that only V20 5 have contributed to the reaction in this invention positive-electrode plate 
and the capacity (2.1V-1.5V) in an initial cycle discharge process is measured, by V205, it will 
become about 200 mAh/g to becoming 240 mAh/g with this invention positive-electrode plate (A4) 
(Koshiba et al., DENKI KAGAKU, and 332 (1994)). 

[0033] The above result, with this invention positive-electrode plate, the property independent [ 
20V5 ] has not appeared and it is thought that a-NaFe02 has contributed to the 
charge-and-discharge reaction greatly. It is thought that that the capacity of this invention 
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positive-electrode plate increased compared with the comparison positive-electrode plate (Bl) 
originates in improvement in the utilization factor of a-NaFe02 by mixing with V205. 
[0034] Starting divalent [ of Fe ] / trivalent oxidation reduction reaction by about 2 V Is reported 
(KAmine etal., J.Power.Sources, 81-82,221 (1999)). Therefore, the surface smoothness ( drawing 1 ) 
of the potential of about 2 V which appeared with this invention positive-electrode plate originates 
in divalent [ of Fe accompanying insertion and desorption of the lithium to a-NaFe02 ] / trivalent 
oxidation reduction reaction, and is considered to have been brought by improvement in the 
utilization factor of a-NaFe02. 

[0035] Table 1 shows that this invention positive active material whose values of (y/x) are 1-3.0 has 
a big discharge capacity (130 - 200 mAh/g). Moreover, Table 2 shows that this invention positive 
active material whose values of (y/x) are 0-2.5 is excellent in a cycle property compared with a 
comparison positive-electrode plate. Therefore, it turns out that it is desirable to use the mixture of 
a-NaFeO 2 andV205 whose values of (y/x) are 1-2.5 when obtaining the nonaqueous electrolyte 
positive active material which has a good cycle property by high capacity. 

[0036] Although a-NaFe02 was chosen as the alkali-metal content ferric acid ghost, V205 were 
chosen as the banazin san ghost and this example explained, in a-NaFeOV203. the active material 
which mixed [ 2 ] V204, and the active material which mixed V203, V204, and V205 to LiFe02 and 
FeOOH, the good cycle property was similarly acquired by high capacity. 

[0037] By this invention, by high capacity, it succeeds in obtaining the alkali-metal content ferric 
acid ghost excellent in the charge-and-discharge property for the first time, and it is cheap and 
contributes to development of the small positive active material for nonaqueous electrolyte 
rechargeable batteries of an environmental load greatly. 
[0038] 

[Effect of the Invention] The positive active material for nonaqueous electrolyte rechargeable 
batteries of this invention It is characterized by supporting a banazin san ghost on a part of front 
face [ at least ] of an alkali-metal content ferric acid ghost. If the mole ratio of a-NaFeO 2 andV205 
is set to X and y when a-NaFe02 is used for an alkali-metal content ferric acid ghost and V205 are 
used for a banazin san ghost 0<(y/x) <3 and when it is referred to as 1<(y/x) <2.5 still more 
preferably, it is high capacity and a cycle property becomes good especially. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 11 It is drawing showing the charge-and-discharge property in 3 cycle eye of this invention 
positive-electrode plate (A6). 

[Drawing 2l It is drawing showing the charge-and-discharge property in 3 cycle eye of a comparison 
positive-electrode plate (B1). 
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